The protonation constants of diamines such as ethylenediamine, 1,2-diaminopropane, 1,3-diaminopropane, o-phenylenediamine, m-phenylenediamine, p-phenylenediamine were determined on the basis of Bjerrum and Calvin method in methanol-water mixtures. A pH metric method was used for calculation of protonation constants. The effects of solvents on protonation constant have been determined at ionic strength 0.2M dm -3 (NaClO 4 ) and temperature 30+0.1 o C under nitrogen atmosphere. FORTRAN (IV) programs were used for calculation of protonation constants and distribution of species like H 2 L, HL, L in equilibrium state. The logarithm of the protonation constants decrease in aliphatic diamines and increase in aromatic diamines with increase in methanol content in mixed equilibria. The verification of constants are explained on the basis of solute-solvent interaction, solvation, proton transfer processes and dielectric constant of equilibria. Protonation energies have been calculated theoretically using computational methods and these protonation energies for aromatic diamines are higher than aliphatic diamines.
Introduction
A number of studies have been reported on protonation constants of α-amino acids in different media [1] [2] [3] . Acidity and basicity of a molecule is governed by its structure and solvent effects [4] [5] [6] . A review of literature has reveal that a little is reported for protonation constants of diamines in organic mixed solvents and organic-water solvents. Practically no literature is available on theoretical calculations of protonation energies of diamines. The present note explained the pH determination of stoichiometric protonation constants of diamines like Ethylenediamine, 1,2-diaminopropane, 1,3-diaminopropane, o-phenylenediamine, m-phenylenediamine, p-phenylenediamine in different methanol-water compositions. Protonation energies are also calculated using non semipirical methods of calculations. An attempt has been made to relate protonation energies of diamines to protonation constants.
Experimental
All diamines (ethylenediamine, 1,2-diaminopropane, 1,3-diaminopropane, o-phenylenediamine, m-phenylenediamine, p-phenylenediamine) used were of AR grade. Sodium perchlorate (Fluka), perchloric acid (Baker Analysed), Sodium hydroxide (Himedia) and methanol (E. Merck) were also used. Doubly distilled conductivity water was used for preparing methanol-water mixtures and stock solutions of diamines. Perchloric acid (0.2M) solution was prepared in water and potentiometrically standardized by earlier reported methods 7 . Sodium hydroxide solution (0.2M) containing sodium perchlorate to maintain 0.2M ionic strength was prepared as 20, 30, 40, 50, 60, 70 and 80 percentage (v/v) in methanol-water solution and standardized using least square fit of Gran's plot for end point determination obtained from titration of perchloric acid with bases [8] [9] . The required correction was made while carrying out the calculations. To determine the protonation constants of different diamines, a known concentration of HClO 4 was added to diamine solution, the acidified solution was further neutralized with standardized 0.2N NaOH methanol-water solution.
pH-metric titrations were performed for diamines in methanol-water containing NaClO 4 in a jacketed glass reaction vessels as reported 10 . The pH metric readings were taken using system 361 µ pH meter assembly having combined electrode and temperature probe with readability + 0.01 o C. The potentiometric cell was calibrated before each experiment to obtain the pH values for each solvent mixture studied 11 and calibration was checked intermittently. The ion products [Kw = (H + )(OH -)] were calculated at constant ionic strength of 0.2M (with NaClO 4 ) in all methanol-water solutions . Aliquates of 50 mL of solution taken from test solution and transferred to the potentiometric cell and titrated against standard 0.2M NaOH solution prepared in corresponding media. It is noted that the pHmeasurements in acid solution are rapid whereas a long time is required for equilibration in alkali solution, particularly in mixed solvents in case of e.m.f. measurements. Edsall and Blanchard 12 , also noted that the measurements made in alkaline solution gave unstable e.m.f. readings.
Results and Discussion
Alkalimetric titration data were pruned by computer programs PKAS 13 . The values of the protonation constants given by the program were used as initial value for final refinement by computer program BEST 14 . FORTRAN (IV) computer program SPEPLOT 15, 11 was used to develop species distribution curves. Table 1 The stoichiometric protonation constants logβ 1 and logβ 2 are related to protoantion of -NH 2 group of diamines by following equilibria. 
The logβ values fall within the range of +0.01 units not beyond +0.02 in any case. In comparison of protonation constants obtained in methanol-water mixtures with published values in water shows that values in water are higher than those for aliphatic diamines but trend is different for aromatic diamines. The decrease in logβ values of aliphatic diamines follow from the same course of decrease as observed in case of pyridine and Schiff derivatives with increase in organic solvent as in ethanol and are in good agreement [16] [17] . Since methanol solvates B better than BH + , may be due preferential solvation of solute by one of the components of solvent mixture that could change the effective dielectric costant value in cibotactic region. This trend is also in agreement with data [18] [19] The protonation constants have been considered in some detail to gain more information about the effect of solvent composition on protonation equilibria of diamines. For this purpose logβ values are ploted against mole fraction (χ methanol ) of methanol-water mixtures. It was observed that logβ values decreased or increased linearly with increase in concentration of methanol but the values determined in and above 70% methanol (χ methanol ) did not follow the linear trend observed in methanolwater mixtures. The linear equations (from 20% to 70%) and related correlation coefficients for all the diamines were studied and were found to be in the range of 0.92 to 0.99. The deviations of linearity for or above 70% methanol may result due to preferential solvation of solute by one of the components of solvent mixtures and could change in the effective dielectric constant value in the cybotactic region 20 .
Bates and coworkers 18, 21, 22 examined the effect of change in solvent composition on dissociation of BH + and related Gibb's free energies of transfer in mixed solvents and found that electrostatic charging effects resulting from the change of dielectric constants with solvent composition are of minor importance in explaining the solvent effect.
The logβ values are related to reciprocal to dielectric constant of medium. So it is expected that as % of methanol increases in mixtures, dielectric constant of medium decreases as compared to aqueous solution, also cybotactic region also decreases as dielectric constant of medium increases 20, 21 . Further more, another factor which explain the increase or decrease of log β value of all diamines produced in methanol rich regions is the differences in solvent stabilization of ionic species like HL, H 2 L brought by changing the percentage of methanol 18, [22] [23] [24] [25] .
The unprotonated and protonated diamine species of stoichiometry L, HL, H 2 L have been assumed in different chemical models. Species distribution diagrams shows that for aliphatic diamines H 2 L species are maximum and are present in range of 99.6-99.9% at lower pH 2.0 and HL species are present at higher pH 7.1-9.3. But in case of aromatic diamines H 2 L species are found in the range of 50-99.5% at lower pH 2.0 and HL species are present in range of 99.1 to 99.9% in pH range of 3.8-5.4. Both H 2 L and HL species are present in acidic range of pH scale, which supports for higher acidic character of aromatic diamines in protonated form and difference in behavior from aliphatic diamines.
The protonation energies of selected diamines are calculated using Hyperchem software 26 . To calculate protonation energy two structures (i) unprotonated (ii) Two protonated were used as models for carrying molecular simulations. Charges were added at respective atoms. Ab-initio calculations (non-semi empirical methods) using minimal basis (STO-431G) are carried out. Geometry optimization conditions are specified as total charge=1 or 2, spin multiplicity=1or 2, spin pairing= RHF, Convergence limit = 0.01, iteration limit = 50 and acceleration convergence = Yes. Total energies of protonated structure at SCF (Self Consistent Field level) with STO-431G basis are reported in Table 2 . From these energy correlation protonation energies are computed. Geometry optimization minimum energy of protonated structures are higher than unprotonated structures for all diamines. Minimum energies calculated at SCF level for aromatic diamines are higher than aliphatic diamines. But protonation energies for aromatic diamines are lower than aliphatic diamines. The order of protonation energies for aromatic diamines is o-phenylenediamine > m-phenylenediamine>p-phenylenediamine. This order is reverse with respect to protonation constant values of these diamines. The order of protonation energies for aliphatic diamines is 1,2-Diamino-propane> Ethylenediamine>1,3-diaminopropane. In both aliphatic and aromatic diamines the porotonation energies is minimum for most basic diamine. Protonation energy of 1,2-diaminopropane is higher than ethylenediamine although protonation constant value of ethylenediamine is lower than 1,2-diaminopropane. Steric effect due to presence of -CH 3 group near to one of the protonated sites (-NH 2 ) may be the probable cause for raising its energy. It can be generalized that more basic the diamine (aliphatic or aromatic) less is its protonation energy. More data is required to reach a definite conclusion. 
